Electromagnetic Compatibility Prediction Model Based on Sensitivity Incision Method  by Zhang, Tao et al.
 Procedia Engineering  15 ( 2011 )  1366 – 1370 
Available online at www.sciencedirect.com
1877-7058 © 2011 Published by Elsevier Ltd.
doi: 10.1016/j.proeng.2011.08.253 
$GYDQFHGLQ&RQWURO(QJLQHHULQJDQG,QIRUPDWLRQ6FLHQFH
Electromagnetic Compatibility Prediction Model Based on 
Sensitivity Incision Method 
Tao Zhang∗, Zhiliang Ren, Changcun Sun, Jianming Ma 
Department of Weaponry Engineering, Naval University of Engineering, Wuhan 430033, China 
Abstract 
Aiming to predict the electromagnetic compatibility (EMC) of a detection system in different working states correctly 
and quickly, the EMC prediction model based on sensitivity incision method is put forward. Firstly, according to the 
working principle of detection system, effective amplitude is defined, and the computation method of effective 
amplitude is given by amplitude-frequency response of matching circuit and bandpass filter circuit. Then, the three 
dimensional surface of effective amplitude is incised by the plane at the height of sensitivity, and the EMC boundary 
is obtained. Lastly, radiated interference is measured by electromagnetic measuring sensors. The conclusion that the 
detection system is electromagnetic compatible or not can be drawn with the help of the coordinate, which is decided 
by frequency and amplitude of radiated interference. Accuracy rate of the prediction model is 98.6% by experiment. 
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1. Introduction
A detection system makes use of electromagnetic wave to detect actively. It has sensitive
electromagnetic receiving equipment, so it is easy to be interfered by radiated interference which is 
generated by its other equipments. For the worse, it will result in system’s electromagnetic 
incompatibility and misjudgment. In order to grasp the working performance of detection system better, 
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and find potential interference sources timely, it is necessary to predict the electromagnetic compatibility 
(EMC) of detection system in different working states. 
Some people at home and abroad have put forward some prediction methods and prediction models of 
EMC [1-6]. Firstly, establish the models of interference source, sensitive equipment and propagation 
coupling. Then make the judgment that it is electromagnetic compatible or not by a rule. Because of 
complicated structure and small hermetic room, the radiated interference generated by other equipments 
will reflect and scatter, and what the receiving equipment received is complicated superposition 
interference. According to normal electromagnetic theory, it is hard to establish the models of 
interference source and propagation coupling to analyze or calculate. The radiated interference is obtained 
by direct measuring and the research about EMC prediction model based on target recognition theory of 
detection system is done in this paper. 
2.  EMC prediction model 
The detection system transmits electromagnetic wave with certain frequency and power by 
transmitting equipment. If the target is in the range of effective detection distance, target signal will be 
received by electromagnetic receiving equipment, and then be inputted to signal processing circuit, which 
does the process of amplification, filter and so on to recognize the frequency, amplitude, phase and time 
characteristic parameter of target signal. The amplitude of signal is compared with the threshold voltage 
to judge that the signal is an effective target signal or not in the last. So recognition of target signal’s 
different parameters will be transformed to the adjustment of signal’s amplitude. That is to say, if the 
received signal has the same parameters with that of ideal target signal, it will be amplified normally and 
its amplitude will be larger than threshold voltage; or its amplitude will be attenuated to a greater or lesser 
degree, so that its amplitude is smaller than threshold voltage and it is regarded as an ineffective target 
signal. 
The input signal’s amplitude of threshold circuit after signal processing is defined to effective 
amplitude U . Detection system makes the final judgment after comprehensive recognition of many 
signal’s parameters, but frequency and amplitude of signal are the most important parameters compared 
with other parameters. We only take into account the influence of frequency and amplitude to effective 
amplitude in this paper. Effective amplitude can be regarded as a function of frequency and amplitude. 
Threshold voltage TU is defined to sensitivity threshold of electromagnetic receiving equipment. If 
TU U> , detection system will make false judgment and it is electromagnetic incompatible. Or the 
interference can not influence the detection system and the system is electromagnetic compatible. 
In order to describe EMC of the detection system more intuitively, three dimensional surface of 
effective amplitude ( , )U f A is plotted with the help of two variables of frequency f  and amplitude A .
Section of effective amplitude when ( , )U f A h= is shown in Fig.1, in which there is an unclosed curve. 
The curve is the boundary of EMC when Th U= . If radiated interference ( , )u f A is below the curve, the 
radiated interference will not influence the system; if radiated interference '( ', ')u f A is above the curve, 
the radiated interference will result in misjudgment. So the area below the curve is electromagnetic 
compatible area, and the area above the curve is the electromagnetic incompatible area. By use of EMC 
prediction model based on sensitivity incision method, only frequency and amplitude of radiated 
interference in different working states are measured, and that the system is electromagnetic compatible 
or not can be judged using the coordinate decided by frequency and amplitude. 
3. Calculation of effective amplitude 
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The key part of EMC prediction model based on sensitivity incision method is to acquire the function 
expression of effective amplitude, which is calculated by the following formula: 
( , ) fU f A K A K= ⋅ ⋅  (1)
Where, K is the gain of signal processing circuit, A is the amplitude of signal, fK is the normalized 
amplitude-frequency response, which is decided by matching circuit and bandpass filter circuit of 
electromagnetic receiving equipment. Because they are series circuit, the computation formula of fK is
1 2f f fK K K= ⋅  (2)
Where, 1fK and 2fK is the normalized amplitude-frequency response of matching circuit and 
bandpass filter circuit respectively. 
Matching circuit is to choose an appropriate capacitance according to inductance of electromagnetic 
receiving coil to compose a LC filter circuit, which will do preliminary filtering to signal. Matching 
circuit is shown in Fig.2. 
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Fig. 1. Section of effective amplitude at the height of sensitivity      Fig. 2. Matching circuit of electromagnetic receiving equipment 
The normalized amplitude-frequency response of matching circuit is 
( ) ( )22 221 1 0 01 1 / /fK Q f f f f⎡ ⎤= − +⎣ ⎦  (3) 
The normalized amplitude-frequency response of bandpass filter circuit is 
( )222 2 0 01 1 / /fK Q f f f f= + −  (4)
In formula (3) and formula (4), f is the frequency of signal, 0f is the ideal frequency of target signal, 
namely center frequency, 1Q and 2Q is quality factor of matching circuit and bandpass filter circuit 
respectively.
The normalized amplitude-frequency response of signal processing circuit in detection system can be 
calculated by formula (2) ~ formula (4), where 0f , 1Q and 2Q can be obtained in technical handbook of 
this detection system. According to above mathematics model, the normalized amplitude-frequency 
response is shown in Fig.3. 
Divide effective amplitude ( , )U f A by threshold voltage TU , and 20 times denary logarithm of the 
ratio. The final value is defined to effective amplitude threshold voltage ratio ( , )p f A , and its unit is dB. 
( ) ( )( , ) 20lg ( , ) 20lgT f Tp f A U f A U K A K U= = ⋅ ⋅  (5)
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Do the following coordinate transform to frequency f and amplitude A :
( )0 20 lg Tx f f y K A U= = ⋅ˈ  (6)
Formula (5) is modified to 
( )( , ) 20lg fp x y K x y⎡ ⎤= +⎣ ⎦  (7)
Where, ( )fK x is a function of variable x , which can be calculated by substituting 0x f f= into the 
expression of fK .
By use of coordinate transform and function relation in formula (6) and formula (7), the three 
dimensional surface of effective amplitude threshold voltage ratio to the detection system is shown in 
Fig.4. 
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Fig. 3. Normalized amplitude-frequency response of signal processing circuit    Fig. 4. Three dimensional surface of effective 
amplitude threshold voltage ratio 
As can be seen from Fig.4, if the distance between frequency of signal and center frequency is larger, 
and the amplitude is smaller, effective amplitude threshold voltage ratio will be smaller, which agrees 
with the above theory analysis of signal processing. Then incise the three dimensional surface by 
plane ( , ) TU f A U= , namely ( , ) 0p x y = , the EMC boundary is shown in Fig.5. 
There are many active elements in signal processing circuit, the least working voltage of active 
element is assumed as 0U . If input voltage of active element is larger than 0U , active element will be 
saturated, which leads to that signal processing circuit can not work normally and the detection system is 
electromagnetic incompatible. So if the system is electromagnetic compatible, the amplitude of 
interference will satisfy 0K A U⋅ ≤ , namely 
( )020lg Ty U U≤  (8)
The EMC boundary in Fig.5 is modified by above restriction condition, which is shown in Fig.6.The 
real line in Fig.6 is the EMC boundary of this detection system. Area below the boundary is 
electromagnetic compatible area and area above the boundary is electromagnetic incompatible area of 
detection system. 
4. Experiment analysis 
In order to avoid establishing models of interference source and propagation coupling, the data is 
directly acquired by experiment measuring in this paper. Now make use of electromagnetic radiator to 
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radiate electromagnetic wave with certain frequency and intensity near the detection system and calculate 
coordinate decided by frequency and amplitude using formula (6). Then, according to the EMC boundary 
in Fig.6, judge that the signal is an effective target signal or not. Lastly, compare the above judgment with 
the actual judgment of the detection system. Change the frequency and intensity of radiated interference 
and do 1000 experiments. The prediction accuracy rate of EMC based on model presented in this paper is 
98.6%. So the EMC of this detection system can be predicted accurately by EMC prediction model based 
on sensitivity incision method. 
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Fig. 5. EMC boundary of detection system                                                 Fig. 6. Modified EMC boundary 
5. Conclusion 
EMC prediction model based on sensitivity incision method is put forward in this paper. EMC 
boundary is acquired by incising three dimensional surface of effective amplitude with the plane at the 
height of sensitivity. Frequency and amplitude of radiated interference in different working states are 
measured, and then EMC of this working state can be judged by the coordinate decided by frequency and 
amplitude. This method avoids complicated model and computation and achieves the quick prediction of 
EMC to this detection system. Experiments validate that the accuracy rate of prediction model presented 
in this paper is 98.6%. 
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